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risk factors for incident AF between Hispanic, African American and non-Hispanic Whites.

Methods: An ECG/EMR database was interrogated for individuals free of AF for development of subsequent AF
from 2000 to 2013. Cox regression analysis controlled for age > 65, male gender, body mass index > 40 kg/m?,
systolic blood pressure > 140 mm Hg, diabetes mellitus, heart failure, socioeconomic status less than the first
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Agli‘;vlofgbsrillation percentile in New York State, and race/ethnicity. PAR was calculated as (prevalence of X) =« (HR — 1)/HR,
Epidemiology where HR is the hazard ratio, and X is the risk factor.

Race/ethnicity Results: 47,722 persons free of AF (43% Hispanic, 37% Black and 20% White) were followed for subsequent

incident AF. Hypertension in African Americans and Hispanics had a 7.93% and 7.66% greater PAR compared
with non-Hispanics Whites. Similar findings existed for the presence of heart failure, with a higher PAR in
non-Whites compared to Whites.

Conclusion: In conclusion, modifiable risk factors play an important role in the risk of incident AF. Higher PAR
estimates in African Americans and Hispanics were observed for elevated systolic blood pressure and heart
failure. Identification of these modifiable risk factors for atrial fibrillation in non-White minorities may assist in
targeting better prevention therapies and planning from a public health perspective. No funding sources were
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Hypertension
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used for this study.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia
globally and contributes significantly to morbidity and mortality with
an increased risk of death, cardiovascular and renal disease in patients
with AF [1] as well as increased individual and national healthcare
costs [2]. Both incidence and prevalence are projected to increase
in coming decades [3] potentially linked to an aging population [4].
Primary prevention strategies are limited by an unclear pathophysiol-
ogy of AF [5], however, several independent risk factors are modifiable,
including obesity, hypertension and diabetes mellitus, which may serve
as prevention or intervention targets [6].

Most AF studies have been conducted in largely homogenous
Caucasian populations. Data on racially and ethnically diverse populations
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is limited [6]. African Americans and Hispanics tend to have higher rates
of obesity and heart failure and lower socioeconomic status (SES) as
well as a greater number of additional modifiable risk factors for develop-
ing AF [7-9]. However, they have a paradoxically lower incidence of AF
compared to Whites [10], referred to as the “racial paradox.”

As our knowledge of racial/ethnic disparities in cardiovascular dis-
eases grows, there is growing interest in the causes of such disparities
and whether they can be diminished by appropriate reduction of contrib-
uting factors. Given limited epidemiologic literature, our objective was to
identify modifiable risk factors associated with incident atrial fibrillation
in a large racially and ethnically diverse population. Our goal was to
identify risk factors using a population attributable risk model, to better
target therapies for prevention of AF from a public health perspective.

2. Methods
2.1. Study design

This study is a retrospective epidemiological study of the development of AF in both
inpatient and outpatients (n = 239,741) with n = 1,239,593 cumulative electrocardiograms
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(ECGs) obtained at Montefiore Medical Center (MMC), a large, urban, academic medical
center, between January 1, 2000 and September 8, 2013. Patients were included if their age
was >45 and <95. Patients were excluded if they had AF on their initial ECG, one ECG, or
incomplete covariate data. Patients were followed for a maximum of 10-year incidence risk.

Race/ethnicity was self-reported and all race/ethnic categories were mutually exclu-
sive. We used the term race/ethnicity as Hispanics are generally considered to be a
multi-racial group, composed largely of White, but also African American and other
races [11]. Heart failure was identified by ICD-9 code.

2.2. Cohort population

Our cohort population consisted largely of an inner-city population in the Bronx
County, NY. The Bronx County consists of nearly 1.4 million individuals with a large
non-White population - consisting of a majority of Hispanics, followed by African
Americans. The Bronx County is considered an underserved area with SES variables such
as high school graduation rates, higher education, and per capita income well below the
national average [11].

2.3. Outcome ascertainment

Diagnosis of AF was determined by ECG. MMC uses a computerized ECG system (GE
Healthcare, Wauwatosa, Wisconsin) to collect, store and analyze ECGs. This system is
widely used and has been validated by the US Food and Drug Administration (FDA) and
meets all applicable standards for resting computerized ECG analysis [12]. The computer-
ized system includes the 12SL® program for automated ECG interpretation, which was
used in this study. To determine the presence of atrial fibrillation, the 12SL® algorithm
looks for an irregular rhythm or fibrillatory waves without the presence of particular con-
current abnormal rhythms. The 12SL algorithm to detect AF has been validated in multiple
studies [13,14] with a reported sensitivity of 90.8% and a specificity of 98.9% [15]. All ECGs
were reviewed and diagnosis of AF confirmed by board certified cardiologists.

All other clinical variables were extracted by searching the electronic medical records
(EMR) system at MMC. All variables were obtained via EMR query during the study dates.

2.4. Follow-up analysis

Follow-up started from the initial ECG. For those who developed AF, days were
counted from initial normal ECG without AF to the first ECG that demonstrated AF.
For those who did not develop AF, survival days were counted from initial normal ECG
without AF until the last ECG without AF.

2.5. Socioeconomic status variable

A SES variable was calculated for each individual in the cohort from the EMR query. Six
SES variables for each neighborhood by zip code including 1) log of median household
income; 2) log of median value of housing units; 3) the percentage of households receiv-
ing interest, dividend, or net rental income; 4) education; 5) the percentage of adults who
completed college, and 6) the percentage of employed individuals in executive, manage-
rial or professional positions, were normalized (Z scored) to the New York State average.

A combined Z-score of the six variables was calculated for each patient and reported by
racial/ethnic cohort. A Z-score of 0 is the 50th percentile of the New York State average.
Z-scores were reported as opposed to percentages to maintain a continuous distribution
relative to the New York State average and for easier visual discernment as most individ-
uals were below the first percentile. This methodology is consistent with previous litera-
ture that has used Z-scoring techniques to facilitate comparisons between variables [16].

2.6. Statistical analysis

Descriptive statistics were produced for each cohort. ANOVA was performed to
examine associations between continuous variables and x? tests were used to compare
dichotomous variables between patients. Statistical significance was defined by p < 0.05.

Cox regression analysis controlled for baseline covariates: age > 65, male gender, body
mass index > 40 kg/m?, systolic blood pressure > 140 mm Hg, diabetes mellitus, heart
failure socioeconomic status less than the first percentile in New York State, and race/
ethnicity. Testing for interaction and a sensitivity analysis was performed.

Population attributable risk (PAR) was calculated as (prevalence of X) « (HR — 1)/HR,
where HR is the hazard ratio, and X is the risk factor. PAR analysis was chosen as it takes
into account both incidence and association of risk factors with disease outcome. It
is the incidence of a disease that would be eliminated if exposure were eliminated. It is
beneficial from a public health perspective as it aids in prioritizing health budgets and
distribution of resources depending on the proportion of outcome attributed to a particu-
lar exposure.

SPSS Version 24.0 and R Studio Version 0.98.507 was used for all statistical analysis.
Proportional hazard assumptions were met as verified by plotting the Schoenfeld
residuals.

2.7. Role of the funding source

The study protocol conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the institution's human research committee.
The research was limited to materials (i.e., data or records) that have been collected solely
for nonresearch purposes (such as medical treatment or diagnosis). The submission was
approved with a waiver of informed consent.

3. Results

The final cohort included 47,722 patients who met inclusion criteria,
totaling 157,482 person-years of follow-up (3.3 mean years from first
ECG). Within this cohort, 9352 were non-Hispanic White (19.5%),
17,807 were African American (37.3%), and 20,563 were Hispanic
(43.1%). Over the study period, 4724 patients developed AF.

General baseline characteristics by race/ethnicity are shown in
Table 1. Non-Hispanic Whites were older, more likely male and had a
higher incidence of AF, but had lower BMI's, lower rates of diabetes,

Table 1
Baseline characteristics by race/ethnicity.
Non-Hispanic White African American Hispanic Total p-Value
n = 9352 n = 17,807 n = 20,563 n = 47,722
Mean, % (SD) Mean, % (SD) Mean, % (SD) Mean, % (SD)
Demographics
Age (years) 69.2 (15.7) 58.7 (16.1) 57.3 (15.9) 60.2 (16.5) <0.01
Male 48.4% 35.3% 37.3% 38.7% <0.01
Height (cm) 166.1 (16.4) 167.7 (14.3) 162.5 (13.5) 165.1 (14.6) <0.01
Weight (kg) 76.8 (23.6) 84.3 (25.1) 78.3 (224) 80.2 (23.9) <0.01
BMI (kg/m?) 27.8 (7.8) 30.1 (8.8) 29.3(8.1) 29.5 (8.3) <0.01
Systolic BP (mm Hg) 132.3(23.9) 136.2 (24.5) 131.2 (23.5) 133.3(24.3) <0.01
Diastolic BP (mm Hg) 71.0 (13.8) 77.2 (15.1) 73.8 (13.8) 74.5 (14.5) <0.01
Mean survival years 2.8 (3.0) 33(3.2) 34(3.2) 33(3.2) <0.01
Socioeconomic status —1.5(2.9) —3.3(2.8) —4.3(2.7) —3.4(29) <0.01
Comorbidities
Development of atrial fibrillation 16.9% 8.7% 7.8% 9.9% <0.01
Diabetes mellitus 14.7% 25.3% 27.2% 24.0% <0.01
Heart failure 7.4% 9.1% 7.5% 8.0% <0.01
Treatment for hypertension 44.4% 60.3% 53.3% 54.2% <0.01
ECG characteristics
LVH 30.1% 42.0% 30.0% 34.50% <0.01
PR interval (ms) 164.7 (37.3) 163.0 (31.5) 155.3 (27.3) 160.0 (31.3) <0.01
Medication
Beta blockers 67.7% 61.8% 57.1% 60.9% <0.01
Calcium channel blockers 44.3% 52.9% 41.0% 46.1% <0.01
Digoxin 15.9% 8.8% 7.7% 9.7% <0.01

Values in table denoted as mean or number (%). BMI, body mass index; LVH, left ventricular hypertrophy; SD, standard deviation.



E. Shulman et al. / International Journal of Cardiology 275 (2019) 89-94 91

Table 2
Hazard ratios of different risk factors to develop atrial fibrillation.

Risk factors Non-Hispanic White African American Hispanic Total
HR, 95% CI p-Value HR, 95% CI p-Value HR, 95% CI p-Value HR, 95% CI p-Value

CHF 1.48 (1.28,1.71) <0.001 2.12(1.88,2.39) <0.001 2.15(1.90, 2.43) <0.001 1.94 (1.80, 2.08) <0.001
BMI > 40 1.11 (0.89, 1.40) 0.357 1.27 (1.09, 1.49) 0.002 1.10(0.92, 1.33) 0.299 1.19(1.07,1.32) 0.001
SES 1.13 (1.01, 1.25) 0.026 1.02 (0.93,1.13) 0.631 1.16 (1.04, 1.31) 0.009 1.08 (1.02, 1.15) 0.009
DM 0.95 (0.83,1.10) 0.493 1.01 (091, 1.13) 0.830 1.04 (0.94, 1.16) 0.440 1.01 (0.94, 1.08) 0.832
SBP > 140 0.92 (0.83,1.02) 0.099 1.14 (1.03, 1.27) 0.009 1.18 (1.06, 1.31) 0.002 1.08 (1.02, 1.15) 0.008
Race/ethnicity n/a n/a n/a 1.78 (1.67,1.91) <0.001

Hazard ratios for various risk factors in multivariate Cox regression model controlling for age > 65, male gender, CHF (presence of heart failure), BMI (body mass index) > 40, SES
(socioeconomic status), DM (diabetes mellitus), SBP (systolic blood pressure) > 140 mm Hg and race/ethnicity (reference group as Non-Hispanic White).

Table 3

Age- and sex-adjusted PARs and 95% Cls of established AF risk factors in each stratum of race-ethnicity.

Race/ethnicity PAR (%) and 95% Cls

Heart failure BMI SES DM Systolic BP
Non-Hispanic White 2.40 (1.63,3.08) 0.62 (—0.79, 1.75) 3.31(0.41,5.92) —0.71 (—2.95, 1.24) —3.04 (—7.01,0.54)
African American 4.78 (4.25,5.26) 2.54(0.98,3.88) 1.30 (—4.19, 6.26) 0.30 (—2.59, 2.89) 4.89 (1.29, 8.15)
Hispanic 3.99 (3.54,4.39) 0.87 (—0.85, 2.30) 10.27 (2.71,17.01) 1.10 (—1.79, 3.70) 4.62 (1.84,7.14)
Total 3.88(3.57,4.18) 1.51 (0.61, 2.32) 442 (1.15,7.50) 0.17 (—1.45, 1.68) 2.62(0.71,4.42)

BMI, body mass index (BMI > 40 kg/m?); SES, socioeconomic status (<1st percentile of New York State); DM, diabetes; Systolic BP (systolic BP > 140 mm Hg).

and a higher SES compared to African Americans and Hispanics. African
Americans and Hispanics had significantly higher rates of comorbidities
including obesity, diabetes, and heart failure compared to non-Hispanic
Whites. Also, African Americans had a higher mean systolic blood
pressure and treatment for hypertension. There were 3663 patients
whom had a clinical diagnosis of heart failure with a mean left ventric-
ular ejection fraction (LVEF) of 48.5% (standard deviation of 16.6). Of
these patients, 27.8% had heart failure with a reduced ejection fraction
(LVEF < 35%).

Hazard ratios of risk factors for AF are presented in Table 2. Of the
modifiable or risk factors examined, the presence of heart failure in
African Americans and Hispanics was associated with a higher risk of
incident AF compared to non-Hispanic Whites (HR = 2.12, 95% CI
1.88-2.39, p < 0.001; HR = 2.15, 95% CI 1.90-2.43, p < 0.001; HR =
1.48, 95% CI 1.28-1.71, p < 0.001; respectively). An elevated systolic
blood pressure was also associated with a higher risk of incident AF
in African Americans and Hispanics, but did not show any statistical
association in non-Hispanic Whites (HR = 1.14, 95% Cl 1.03-1.27,p =
0.009; HR = 1.18, 95% CI 1.06-1.31, p = 0.002, respectively). In addi-
tion, obesity in African Americans was associated with risk of incident
AF, but not in other racial/ethnic groups.

Age and sex-adjusted population adjusted risk for examined risk fac-
tors are shown in Table 3 and Fig. 1. Again, the presence of heart failure
and elevated systolic blood pressure in African Americans and Hispanics
had a higher PAR for incident AF compared to non-Hispanic Whites,
7.93% and 7.66%, respectively. Obesity in African Americans and a
lower SES in Hispanics also maintained a high PAR for incident AF
compared to non-Hispanic Whites.

4. Conclusions

This is the largest study to date investigating the effect of modifiable
risk factors by race/ethnicity for the association of incident AF in a
racially and socioeconomically diverse inner-city population. We exam-
ined the association between race/ethnicity and modifiable risk factors
for incident AF using a retrospective cohort. We confirm a higher
incidence of atrial fibrillation in non-Hispanic Whites compared to
African Americans and Hispanics. Moreover, we observed that African
Americans and Hispanics had a higher population attributable risk of

incident AF in the setting of heart failure or an elevated blood pressure
compared to non-Hispanic Whites.

Our findings are consistent with previous studies including data
reported by the cardiovascular health study demonstrating a 45%
lower risk of AF in African Americans as compared to non-Hispanic
Whites after adjusting for all risk factors of AF [10]. These findings
were also confirmed by Alonso and colleagues, whom reported a 41%
lower incidence of AF (95% CI: 0.08-0.62) in African Americans after
adjusting for sex and age [17]. Few studies provide information on
incidence AF in Hispanic populations, but review and statistical analysis
of the Healthcare Cost and Utilization Project reported a lower AF risk
in Hispanics (HR: 0.78; CI: 0.77-0.79. p < 0.001) as compared to non-
Hispanic Whites [18].

In addition to these findings, we confirm that the distribution of risk
factors for AF varied by race/ethnicity. For example, African Americans
had a higher incidence of heart failure and treatment of hypertension

Age - and Sex-Adjusted PARs of Established AF
Risk Factors by Race/Ethnicity
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Fig. 1. Age- and sex-adjusted PARs of established AF risk factors by racial/ethnicity.
Bar graph demonstrating population attributable risk for established modifiable risk
factors for atrial fibrillation, stratified by race/ethnicity. HF, heart failure; BMI, body mass
index > 40 kg/m?; SES, socioeconomic status less than the 1st percentile; DM, diabetes
mellitus, SBP, systolic blood pressure > 140 mm Hg; NHW, non-Hispanic White. Asterisk

as indicated by (*) indicates statistical significance.
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compared to non-African American cohorts, which was validated by
prior reports [17,19]. Moreover, our study continues to demonstrate
the “racial paradox” by showing that though non-Hispanic Whites
have a higher incidence of AF, they have a lower burden of risk factors
for AF.

4.1. Systolic blood pressure

We demonstrate potential differences in PAR estimates among racial
and ethnic groups. One of the most significant differences was observed
with elevation in systolic blood pressure, with 7.93% and 7.66% greater
PAR estimates between African American and Hispanics, respectively,
compared with non-Hispanics Whites. Among non-Hispanics Whites,
the presence of an elevated systolic blood pressure was an independent
predictor of incident AF as compared with African Americans or
Hispanics. Though there is a small PAR difference between African
Americans and Hispanics, which is likely not clinically relevant, there
remains a larger discrepancy between these minority populations and
non-Hispanic Whites, which may reflect underlying pathophysiological
differences in substrate for incident AF.

Other large population studies have reported similar results. The
MESA study included >50% non-Hispanic Whites subjects for PAR anal-
ysis of several AF risk factors. The greatest contributor among all groups
was hypertension ranging from 22% in non-Hispanic whites to 44% and
46% in Hispanics and Chinese, respectively. The authors concluded that
a larger proportion of AF events appear to be attributable to hyperten-
sion among a minority population compared with non-Hispanic Whites
[20]. This finding was also confirmed in the REGARDS [21] and the
Women's Health Initiative study [10].

Significantly lower rates of hypertension control might explain ele-
vated PAR estimates in non-Whites compared to Whites. The NHANES
[22] study noted significantly lower rates of hypertension control
among African Americans. Moreover, the SPRINT trial [23] showed
that despite similarities in systolic blood pressure at baseline by race,
African Americans were more likely to have elevated blood pressures
than non-African Americans, despite being prescribed slightly more
anti-hypertensive medications. Of note, these studies were limited
as they lacked a large Hispanic population. Regardless, given similar
findings, improving awareness, control and management of hyperten-
sion in non-Whites may result in improved treatment, and control
rates of AF.

4.2. Heart failure

Another observable difference in PAR estimates includes the
presence of heart failure. African Americans and Hispanics had higher
PAR estimates compared to their non-Hispanic counterparts. The
hazard ratios for the presence of heart failure for risk of incident AF
were significantly higher in African Americans and Hispanics compared
to non-Hispanic Whites.

However, it remains unclear why the presence of heart failure has a
higher hazard ratio and PAR with AF in minorities. One explanation may
be a racial/ethnic-related difference in the prevalence of hypertension
and diabetes mellitus. These differences in comorbidities are likely
related to socioeconomic and behavioral characteristics, and may
include disparities in access to and quality of health care, as shown in
prior heart failure studies [24,25] as well as our analyses. Also, possible
racial/ethnic differences in susceptibility to heart failure owing to
underlying genetic and biological factors cannot be completely ex-
cluded [26]. Intrinsic racial differences in atrial membrane stability,
atrial conduction pathways, or genetic polymorphisms leading to
different susceptibility to the development of AF may play a role. For
example, polymorphisms have been found to be associated with racial
differences in risk for heart failure [27].

4.3. Obesity

A higher BMI was significantly associated with incident AF, indepen-
dent of other modifiable risk factors, with a 27% increased risk if the BMI
was >40 kg/m?, which was maintained only in the African American
cohort. Other studies have found similar results with an elevated hazard
ratio for BMI on incident AF [28] and higher PAF estimates [10] in
African Americans. Obesity has been previously described as an impor-
tant risk factor for AF [29-31], and the effects are thought to be medi-
ated through increased left atrial size [29] or presence of pericardial
fat [32].

An obesity-hypertension relationship may explain the elevated PAR
estimates in African Americans. Hypertension is strongly associated
with obesity. Moreover, the prevalence of obesity among patients
with hypertension is much higher than the population prevalence of
obesity [33]. Given these relationships and our studies' findings, there
appears to be an added effect of race on the obesity-hypertension
relationship. Thus, it is likely that elevated PAR estimates for obesity
are exclusively demonstrated in African Americans given their high
prevalence of both hypertension and obesity as comorbidities.

Our study suggest that BMI, and by virtue obesity, appears to play
a different role in various racial/ethnic groups. Given the obesity
epidemic, these findings are yet another reason more attention should
be paid to population-based efforts to control obesity and to further
study the mechanisms linking obesity and AF.

4.4. Socioeconomic status

Additional differences included a higher PAR in Hispanics compared
to African Americans and non-Hispanic Whites, at 8.97% and 6.96%
respectively. In our study, Hispanics maintained a significantly lower
SES score compared to other racial and ethnic groups. Moreover, there
exists no statistical association between socioeconomic status and inci-
dent AF in the African American cohort. Given a lower socioeconomic
status in Hispanics compared to all other racial/ethnic groups, our
results may suggest that differences in access to, use of health care, or
prior diagnosis of AF (ascertainment bias) may account in part for our
findings.

Several studies have identified risk factors, which can be modified
for AF outcomes. The Atherosclerosis in Communities (ARIC) performed
by Huxley et al. reported that approximately 56% of AF cases could be
attributed to one or more sub-optimally controlled or elevated risk
factors. Hypertension was the most contributory risk factor with its
PAR being 22%. Similarly, other risk factors like elevated body mass
index, diabetes mellitus and smoking had PARs of 13%, 3.1% and 9.8%
respectively [34]. These risk factors not only contribute to the increased
incidence of AF independently, but also have been reported to increase
recurrence of AF after catheter ablation [29,35-37]. In the study con-
ducted by Pathak and colleagues, the group of AF patients who chose
to participate in risk factor modification after their ablation procedure
had greater decline in weight, better control of diabetes and hyperten-
sion. They had a longer arrhythmia free period after an ablation proce-
dure (32.9%) as compared to control group (9.7%) p < 0.001 [38].
Several studies propose that cardiac risk factors are closely associated
with the remodeling of the atria leading to formation of underlying
substrate causing AF development, progression and likely recurrence
in the event of sub-optimal control of risk factors [38-40]. These find-
ings further strengthen the argument that modification of risk factors
including antihypertensive therapy, weight loss and management of
heart failure can improve AF outcomes.

There are significant public health implications of our findings. It is
important to note that Hispanics, along with African Americans, tend
to share a similar disease burden profile of AF compared to non-
Hispanic Whites [8]. Racial and ethnic variability of PAR shows that
hypertension and heart failure have a higher correlative risk to incident
AF among the non-White population. As such, we suggest that healthcare
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strategies should focus on blood pressure control and risk factor modifi-
cation as ways to decrease incident AF in heart failure in these select pop-
ulations. This study makes an important contribution to existing literate
as it presents new information showing the important contribution
of heart failure, and confirms the contribution of hypertension, to risk
of incident AF in the non-White population.

4.5. Limitations

We acknowledge limitations to our study. First, it is possible that
patients were enrolled in our study with a previous diagnosis of
AF, but did not demonstrate an irregular rhythm on ECG and were
misclassified. In addition, segments of our population were also
excluded due to incomplete patient data (mostly consisting of height/
weight), which could have biased our results. We also did not include
patients with sleep apnea or pulmonary disease (i.e. chronic obstructive
pulmonary disease (COPD)) in this study.

5. Conclusion

The findings of the current study suggest that modifiable risk factors
play an important role in risk of incident AF, and vary by race/ethnicity.
A higher PAR estimate in African American and Hispanics were
observed for elevated systolic blood pressure and heart failure. To our
knowledge, this is the largest study to date investigating the effect
of modifiable risk factors by race/ethnicity for the risk of incident AF
in a racially and socioeconomically diverse, inner-city population. The
authors hope that identification of these modifiable risk factors, partic-
ularly hypertension and heart failure in minorities may assist in
targeting better prevention therapies of atrial fibrillation from a public
health perspective.
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